QET Bi as Noi se Specification

Revi si on 2MARO1 D. Seit z:
Changed Rbias from4.99k to 2.49k to double bias range to +/-2nmA

The follow ng val ues should be changed in the docunents bel ow

Figure 1, Test Grcuit 1:
Rbi as = 2. 49kW
VN8 = 6. 4nV/ Oz

Test Grcuit 1:
typi cal noise @R770: 8uVv/ O
max noi se @R770: 11uV/ O

Di scussi on:

The vol tage noi se of Rbias = 6.4nV/ OHz. Added to the 2. 7nV/ GH fromthe bias
circuit gives a total Vnoise of 6.9nV/ Oz @ 125Hz.

6.9nV/ CHz/ 2. 49kW = 2. 8pA/ OHz at 125Hz expected current noise instead of the
original 1.9pA CHz.

A 40mWV shunt resistance and 100nmW QET resi stance gives an expected input coil

I noi se of 0.8pA/CHz instead of the original 0.7pa/OHz max spec, so we will exceed
the max spec by at |east 14%

However, if the shunt resistance is assunmed to be <<40mW the original spec is
still nmet. Wth a 30mW shunt, for instance, the expected QET noise current is

0. 65pA/ CHz, within the original spec. Measurenents at UCB have indicated that the
shunt resistance is very close to the nom nal 20mA. Additionally, QET noise is on
the order of 10pA/ CHz so even if the shunt resistor were >20mV the QET bias noi se
woul d not significantly alter noise performance.

The test setup max voltage noise spec is actually reduced with the 2.49k Rbias

val ue. The typical noise expected at the SR770 is now 8uV/ CHz.

Assumi ng a nomi nal 20mWV shunt the max al | owabl e noi se at the SR770 is now 11uV/ CHz
@ 125Hz and above to keep input coil noise current </= 0.7pA
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Not es on original spec, docunent "990603QETBi asNoi seSpec. PDF"
by J. Hellmg:

A target SQUI D noise performance | evel of 1pA/ CHz was given. A QET resistance of
100mV and a Rshunt resistance of 40mV was used for a worst case scenario, even

t hough the nomi nal shunt resistance is 20nW. This docunment will continue to use
t hose val ues.

The 3U QET bi as board Rbias val ue of 12.5kW was used for the spec. The final
target noi se performance was given as 0.03uV/GHz at the top of Rbias, which would
result in 2.4pA OHz bias current noise. For the shunt and sensor resistances
given, that would add 0. 7pA/ CHz noise current to the input coil, bringing total
noi se to ~1.2pA/ G#z after adding SQUI D noise. The QET bias noise would therefore
be allowed to add ~20%to the SQUI D noi se.

Subsequent to the original spec, the Rbias value was changed from 12. 5kW 4. 99kW.
This docunent will continue to use the 2.4pA GHz current noi se spec and nmake
adjustnents for Rbias to keep the voltage spec consistent.
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QET bi as spec: <2.4pA/vVHz from 125Hz to 2MHz

This docunent will use a reverse-engineering analysis of the vl/v2 ZI P board
design to determ ne expected nom nal and worst case noi se performance of the
board. That performance will then be conpared to the spec.

ZI P vl board QET bias analysis and spec:
1) Rbias

The QET Rbias resistor is now 4.99kW. In order to neet the 2.4pA/ CHz spec, the
noi se voltage at the top of Rbias nust be:

Vnoi se(max) = Rbias*2.4pA = 12nV/ OHz
The Johnson noi se of a 4.99kW Rbias at 300K is al ready 9nV/ CHz, so that nust be

subtracted in quadrature fromthe total noise to determ ne the maxi num vol t age
source noi se applied to Rbias:

Vin(max) = y12nv2 + onv2= 7. 9nvi Gz



2) ZIP vl QET bias circuit analysis:
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The filters used are RC | ow pass circuits:

Vin

The response of this circuit is —20dB/ decade, so at 10X the knee frequency Vout =
0.1Vin, at 100X the knee frequency Vout = 0.01Vin, etc. The output voltage at any

particul ar frequency is given by:

Equation 1: vm:L2
JL+ (2niRC)

First, Vnl can be ignored because it is so nmuch | ower than the DAC noise. In
addition, the large value of ClL minimzes interaction between the RL/Cl and R2/ C2
networks (Zcl is 254W at 125Hz) so their effects can be considered separately.
Usi ng Equation 1, the noise at point A at 125Hz is 5.1nV/CHz. That noise adds in
quadrature with the noise of R2, and is then filtered by R2/C2 to produce only
1.8nV at the output of R2/C2. Noise will be lower still at higher frequencies.

The LT1124C op anp, then, will be the domi nant noi se source, besides Rbias. The
1.8nV at RR/C2 will add only 10% and can be ignored. The LT1124C i nput noi se
shoul d be nultiplied by @ (1.4) since there are two inputs. Total typical input
noise, then, is 3.8nV/CHz and maxi mumis 5.9nV/ CHz. By thensel ves these noise
sources neet the 7.9nV/ CHz spec, but the output noise of the LT1124C is not
specified by the manufacturer and this stage is operated with unity gain.



R4, C4, and R3/C3 act to attenuate the LT1124C noi se. C4 provides an AC feedback
path directly fromthe op anp’s output, causing the op anp to cancel it's own

out put noi se at frequencies above the R4/C4 time constant (16Hz). R4 provides a DC
feedback to set the voltage at the top of Rbias equal to the DAC voltage. Vn7, the
noise of R4, is filtered by the R4/C4 tinme constant. That |eaves the op anp input
noi se and Vn6 as the renuni ning w de-band noi se sources, which are filtered by

R3/ C3. Equation 1 gives a maximum noise at the top of Rbias of 2.7nV/CHz at 125Hz.
Adding this to Vn8 gives 9.4nV/ CHz and dividing by Rbias gives a final expected
current noise of 1.9pA CHz.

3) Noi se nmeasurenment test setup:

Ideally the QET bias noise current would be injected into the input node of the
SQUID anp via the nmini-bob test board, and changes in the driver output voltage
noi se neasured with the SQU D anp in closed | oop operation. This would avoid
having to reconfigure test setup connections by always observing the driver
output. Unfortunately, the noise contribution of the SQU D anp is nuch |arger than
the QET bias contribution and would mask the effect of the QET bias noise, making
this approach inpractical.

Noi se can be neasured in units of voltage or current. Voltage noise can be
measured directly at the QET bias output pin of the ZIP board or at a nmini-bob
test point and divided by Rbias to determ ne the equivalent current noise. This
setup is shown in Test Circuit 1, along with nominal and maxi num al | owabl e noi se
specs.
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